SUMMARY A multifactorial approach to the aetiology of oesophageal cancer was made on the basis of a case-control study in Saitama prefecture, Japan. The joint risks of two factors were calculated directly from joint distributions, following a dichotomous exposure model. Three models of factor combinations were taken into account: two risk enhancing factors, two risk reducing factors, and risk enhancing and reducing factors. We observed remarkable risk elevations in the first model, and the observed joint risks were in the neighbourhood of the multiplicative products of single acting risks of individual factors. The highest odds ratios ofabout 10 or more were found with combinations ofsalty foods, excessive intake of rice and alcohol abuse. The second and third models also followed a multiplicative modification ofrisk. The lowest odds ratios ofless than 0-2 were observed in the second model, with combinations of fruits and raw vegetables, fruits and seaweed, and raw vegetables and meat. In the third model, the increased risk caused by an enhancing factor was reduced proportionately to the presence of a risk reducing factor. Finally the dose-response relations of two factors were observed and shown to be categorised into three typical patterns of risk modification, following a three exposure level model. These patterns could be explained by both the dose-response relations of individual factors and the multiplicative modification of risk.
Cancer of the oesophagus is characterised from an epidemiological viewpoint by a wide variation in mortality and incidence rates in different geographical regions, and among different races and sexes around the world. Most of affluent Western countries showed low rates of less than 5/100 000 for males, and higher sex ratios (male: female, 2-6).' 2 On the other hand, extremely high rates have been observed in the coastal regions of Iran,3 and in Transkei,4 Kazakhstan in USSR,5 Henan province ofChina,6 and other regions, with rates for males of more than 30/100 000, and lower sex ratios (0 8-2). Mortality rates in Japan are intermediate between these values: the age adjusted rates between 1978 and 1982 were on average 6-9/100 000 for males and 1-4 for females, with a sex ratio of 4-9. Saitama prefecture had relatively high rates among the Japanese prefectures (8-3 for males and [1] [2] [3] [4] [5] [6] [7] [8] 
for females).
This wide variation in the incidence and mortality of oesophageal cancer implies that environment factors are important in the aetiology. The predominant risk enhancing factors in the low risk areas were high alcohol consumption and cigarette smoking.7 8 On the other hand the main risk enhancing factors in the high risk regions were associated with diet, such as protein and vitamin deficiences, hot beverages, hot and spicy foods, mouldy food, etc.9-" The aetiology of oesophageal cancer in the moderate risk areas, including Japan, is our particular interest. In a previous paper we investigated the aetiology of oesophageal cancer in Saitama prefecture by a casecontrol method and described risk factors in terms of odds ratios.12 However we could not find any factors which were oustandingly likely to cause oesophageal cancer, attributable risks ranging from 20% to 50%. It seems that the concept of multifactorial causation is required to understand the aetioloy, and particularly that of competitive risk factors.' In this paper we investigate the risk modification when two risk factors are combined, on the basis of joint distributions of cases and controls for two factors.
Methods
In an individually matched case-control study, 343 cases who died of cancer of the oesophagus between 355 Kei Nakachi, Kazue Imai, Yoshiharu Hoshiyama, and Takafumi Sasaba 1973 and 1985 in the surveyed areas of Saitama prefecture were identified from the death certificates collected at local health centres. Our cases comprised about half of all the 635 deaths from oesophageal cancer. We omitted 106 subjects whose families had moved home and could not be contacted, and 186 subjects whose families could not remember the subjects' life style patterns clearly, or who refused to be interviewed for the survey. The population base for cases was about 15 With respect to the difference between incidence and mortality data, we feel that this is small enough to be ignored since the 5 year survival rate of oesophageal cancer is very low at about 15%.
As far as reliability of case data is concerned, we made the following efforts to achieve accuracy. Our questions on diet were simplified by grouping foods to enable substitute respondents to answer easily. Interviewed kin lived with the cases long enough to know their dietary habits, and the average time elapsed from the deaths to interviewing was about 4 years. In selection of cases, those subjects whose next of kin did not give reliable data were omitted. Additionally the interviewers were asked to categorise vague answers into "unknown", and in the analysis these "unknowns" were all omitted. Other studies focusing on this problem have shown that interview data on personal habits collected from substitute respondents are adequate for case-control analysis.'4 '5 The reliability of case data is still an important problem in this study, but this seems unavoidable as long as dead cases are used. However, we believe that our efforts have reduced the bias of case data sufficiently to avoid substantial distortion of our conclusions.
Our previous paper described risk enhancing and risk reducing factors in the occurrence of oesophageal cancer in terms of odds ratios, which were calculated from 2 x 2 tables for each of the factors and estimated as "single acting risks". These putative risk factors had odds ratios which were statistically significant for both sexes. 12 In the present paper, we first obtained thejoint distributions of cases and controls for every Joint effects of two factors in oesophageal cancer combination of two of the factors considered in this study. In the calculation, we only considered those paired data where both cases and matched controls fully answered the questions related to the two factors. Thus the total number of cases was equal to that of controls in each distribution, and we omitted the paired data in which either one ofthe pair failed to give enough answers for analysis. The age and geographical distributions of cases and controls concurred in every joint distribution of two factors. In the initial analysis of the results the joint distributions were obtained with a dichotomous exposure model with 2 x 2 tables for cases and controls. Odds ratios were then calculated for the joint distributions, together with x2 values to test the null hyposthesis.'6 Confidence limits were also calculated using the x2 test. 17
In our questionnaire, the intake of the various food groups was categorised into six ranks: < once per week, 2-4 times, 5-7 times, 8-10 times, 11-13 times, > 14 times. Where, for example, "fruits F" or "meat F" is designated, this means that we only considered the frequency of intake, according to the above classification, and not the quantity of intake. The average amount of intake was determined by citing examples of the Japanese daily requirements, eg, the required amount of fruit was shown to respondents as one medium sized apple, or three small size mandarin oranges, or two bananas. The average amount consumed was then classified into three ranks: > 1 5 times the daily requirement, about the daily requirement, and < 0-5 times the daily requirement. We weighted the frequency responses by multiplying the median frequencies by 1 5 for first rank amounts, by 1 0 for second rank amounts, and by 0 5 for third rank amounts. The medians of the first and last ranks of frequency were replaced by 1 and 14. This index of frequency weighted by amount is designated by, eg, "fruits FA" and "meat FA" in the results.
Interpretation and evaluation of epidemiological results often requires a description of the doseresponse relationship. This requirement can be applied to the joint effects of plural factors. It is then important to examine dose-response relations in the elevation and reduction of risk caused by combined factors. In the latter part of our analyses, odds ratios were calculated for males and females combined from the joint distributions of variously combined factors, using 3 x 3 tables for cases and controls and following a three exposure level model.
Results

JOINT EFFECTS OF TWO FACTORS ON ODDS RATIOS
We have classified combinations of two factors into 357 three types: (1) two risk enhancing factors; (2) two risk reducing factors; (3) combination of risk enhancing and risk reducing factors. The results for the first, second and third types of factor combination are shown in tables 1, 2 and 3, using a dichotomous exposure model. In the tables, a "single acting risk" means that the odds ratio was calculated from the distribution for a single factor. It is easily shown that the expected joint risk (odds ratio) of two factors is equal to the product of a single acting risk factor multiplied by that of another one, when no interactions exist between the factors. It can be seen in the tables that most of the observed joint risks were in the neighbourhood of the products of single risks.
The observed joint effects on risk modification in table 1 demonstrate the magnitude of risk amplication when two risk enhancing factors act together, and it is a warning for those concerned with cancer prevention how dramatically the risks increase when there is exposure to multiple risk enhancing factors. As we expected, combinations of potential risk enhancing factors gave higher joint risks. Since the highest risk was incurred by excessive intake of rice, combinations of rice and other risk enhancing factors showed high odds ratios of about 5 or more for males and 10 or more for females. A popular Japanese combination of rice and salty foods showed a particularly high odds ratio of 8-04 for males and 61 54 for females. In males a combination of alcohol abuse and salty foods showed the highest risk (odds ratios 10 91). In females combinations of salty foods and other risk enhancing factors also showed high odds ratios of around 7 or more. Females were more sensitive to dietary risk factors than males, but it is likely that most females were exempted from the dangers of cigarettes and alcohol use. Table 2 demonstrates the remarkable joint effects in risk reduction when two risk reducing factors act together. Very low odds ratios of about 0-2 were observed with combinations of raw vegetables and other factors in males and offruits and other factors in females. Adequate intakes of raw vegetables and fruits were found to be very protective, especially for males, though females seemed to require an additional intake of meat. A comparison of single acting risks of F and FA in fruits and meat suggests that intake frequency was more essential for risk reduction than the amount. Table 3 answers the important question of whether the elevated risk due to the exposure to a risk enhancing factor can be reduced or cancelled by a risk reducing factor. It can be seen from the table that each risk reducing factor reduced the risks of different combined factors in a multiplicative manner. This lack of selectivity of risk reducing effects is encouraging for cancer prevention. In males most risk enhancing factors could be cancelled by a single risk reducing i Cigarettes: category I for never-smokers, category 2 for < 400 000 cigarettes, category 3 for >400 000 t Rice: category I <4 bowls per day, category 2 4-7 bowls, category 3 >8 bowls Table 5 Joint risk offruits and seaweed. 95% confidence intervals in parentheses Kei Nakachi, Kazue Imai, Yoshiharu Hoshiyama, and Takafumi Sasaba vegetables and fruits was much lower than the expected value. The observed odds ratio of 0 11 in category 3 x 3 was much higher than the expected value of 0035 (=0176 x 0 198). This saturation of risk reduction in category 3 x 3 was commonly observed in other combinations. Table 5 shows the combination of fruits and seaweed.
Combinations of risk enhancing and risk reducing factors are of much interest to us. The dose-response relation was observed in fig 3 and table 6. In fig 3, a positive (negative) dose-response relation was observed for intake of rice (fruit) in each category of fruit (rice) intake. In other words the increased risk due to a risk enhancing factor is reduced by stages which correspond to the dose levels of a combined risk reducing factor. Remarkable risk elevations due to excessive intake of rice were commonly observed, specifically to category 1 x 3, which means a serious lack of risk reducing factors.
Finally it is emphasised that the dose-response relations were observed in all the combinations of factors, although we only show typical examples in this paper.
Discussion
Multifactorial approaches to cancer aetiology are indispensable for estimating the risks to individuals as a whole, and for revealing interrelated causes. To pursue these aims, the joint effects of at least two combined factors must first be revealed. Our results in this paper meet this requirement, and show (1) that the observed joint risk of two factors was approximated by the multiplicative product of single acting risks for individual factors; (2) Using this classification, most of the risk enhancing factors we found were of the epigenetic type, which promote carcinogenesis through mucosal damage or which act as co-carcinogens. They require other genotoxic or/and enhancing factors. The remarkable increase in risk observed with combinations of factors indicates that the incidence of oesophageal cancer in our prefecture is caused by the joint effects of multiple risk enhancing factors, or by risk enhancing factors combined with the insufficient exposure to risk reducing factors. Among the various risk enhancing factors found in our study excessive intake of rice and deficient intake of meat may not be generally applicable to most other populations except for some of the other Asian countries. The predominant factors may differ in different populations, although the increased risk caused by combinations of risk enhancing factors (in the absence of risk reducing factors) seems to be important in the aetiology, whatever the nature of the predominant enhancing factors. The conclusions of this paper on the joint effect of risk associating factors can be applied as a model for other studies in this area. Finally we must mention again the potential problem of the reliability of case data collected from the next of kin. In this study we examined the adequacy of substitute respondents in terms of the time of living together or the time elapsed from the death ofcases, but the bias of the data was not exactly assessed. We still think that our results can be accepted, for the two main reasons: (1) The dietary items of the questionnaire were restricted to the main food groups and other conspicuous items, avoiding details of the diet; and (2) All the significant factors in this study showed a dose-response relationship. The reliability ofdata partly depends on the itemisation or categorisation of foods in the questionnaire, ie, detailed questions often lower the reliability of answers, and thus are not adequate for studies of this kind. Dose-response relationships carry considerable weight, especially in this study, because such relationships are difficult to demonstrate when unreliable data are used. However a correct assessment of the bias in data of dead cases is important, and this still remains in question.
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